
Project Introduction

Significant improvements need to be made in recovery and reuse of valuable
flight hardware, in order to lower costs per mission. Strategies need to focus
on avoiding complete loss of hardware by creating a workflow that uses in-situ
repair processes to restore and reuse parts. In addition, ISRU technologies
need to be created to recover useful construction metals such as aluminum,
iron, and titanium, and to fabricate tools and parts using minerals and
elements processed in surface plants. Digital materials have the potential to
create a precise, multi-material manufacturing process that allows for
recyclability of all types of functional components. Digital materials replace
analog materials as a new paradigm addressing multi-material use, function,
and reuse during the fabrication process of a product. It can be treated as a
universal building material, referring to pre-fabricated building blocks that are
repeatable over infinite generations, with the ability to increase precision and
ease of assembly and disassembly of three dimensional objects. Voxels can be
composed of dissimilar materials, to give each added functionality based on
variable material properties. Polymer, metallic, semi-conductor or ceramic
voxels can be created in bulk and assembled identically since parts are
designed to self-align. Like a digital signal, which is represented as a series of
logical ones and zeros, three dimensional objects can be represented by the
presence or absence of a block within a larger structure. The objective of the
research is twofold: to create a digital assembler that can process and recycle
multiple materials, and to develop a workflow that would allow the assembler
to assemble and reuse functional digital discrete materials for space
exploration. The research will propose a system and method that would
achieve complete material recyclability. The identified topic will extend into the
field of Materials Science and Fabrication Technology, with the goal of
synthesizing current advances in packaging technologies, joining processes,
welding, adhesive bonding, soldering and brazing, electric arcs, to new
technologies such as 3d printing, machining processes, laser and electron
beams and waste reduction in additive manufacturing. This proposal will
develop an emerging technology that will meet NASA's long-term strategic
challenges, and one that would achieve needed performance as identified by
increased capabilities demanded by future planned missions. Of the 14 Space
Technology Roadmaps that comprise top technical challenges part of NSTRF,
Human Exploration Destination Systems(HEDS)-Tab 07, Section 2.2.1.4-
Manufacturing and Infrastructure Emplacement will be considered. This section
is comprised of three subcategories including: In-Situ Infrastructure, In-Situ
Manufacturing and In-Situ Derived Structures. The combination of assembly
and reuse of parts will result in mini-mobile factories that would work on lunar
surface conditions with applications including fabrication of large space
structures, support for long term human exploration missions, and to allow for
autonomous structural monitoring and repair for in-flight missions. The
research proposes digital materials as a starting point for the design of
systems that will be easily reconfigured for scavenging and reuse at the
component level in in-situ repair and fabrication. The goal is to develop reuse
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and recyclability whereby components can be applied to a broad array of
applications for support strategies.

Anticipated Benefits

The identified topic will extend into the field of Materials Science and
Fabrication Technology, with the goal of synthesizing current advances in
packaging technologies, joining processes, welding, adhesive bonding,
soldering and brazing, electric arcs, to new technologies such as 3d printing,
machining processes, laser and electron beams and waste reduction in
additive manufacturing.
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